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THERMAL PROCESSING OF BIOMASS MATERIALS
Donald E. Garrett
Garrett Energy Research and Engineering Co., Inc.
Claremont, California

Abstract
Biomass materials have been man's chief energy source throughout history, and with
current and future energy shortages, attention is being turned toward their possibly
again becoming an important energy source. The extensive literature on this subject
is reviewed, and an analysis made of the current state of the art and future develop
ment work needed.
1.

early period of the Industrial Revolu

INTRODUCTION

tion and to the 1920's was the produc

Throughout history, biomass materials

tion of various chemicals by wood pyro

have been man's most important energy
source.

lysis.

Fire played an important part

in the emergence of man from his more

pounds were almost entirely derived

primitive state to a developed culture,

from this source until the advent of the

and of course wood, dried animal

petro-chemical industry. This industry
was briefly reestablished, particularly

droppings, and other organic material
remained the principal fuel until the

in Europe, during World War II.

discovery of coal, and later oil and
natural gas.

Liquids such as acetone, metha

nol, acetic acid, and many lesser com

The

shortage of oil resulted in thermal bio

It is still a large source

mass conversion processes again becoming

of the world's total fuel supply, and

important and wood once again was a

until the last year or so, provided

major fuel source.

as much energy as nuclear power.

Town-gas (medium Btu

gas used before natural gas was avail
As primitive man began to understand the

able) was produced or augmented by wood

winning of metals from various ores

and other biomass materials, and even

the pyrolysis of biomass materials,

some engines and vehicles were operated

primarily wood, was used to produce

by pyrolysis gasification.

charcoal which was then employed in the

gence of these industries was short

reduction of ores.

lived, however, and once oil was again

This reduction

"industry" was widely practiced until
coke

available, they rapidly closed down.

(from coal) and other reductants
At the present time, with the
majority of the world's oil reserves

began to be used during the last cen
tury.

The resur

A somewhat later development,

controlled by the OPEC cartel the price

but perhaps just as important in the
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of oil has dramatically increased, and

tential conversion, what are the pros

on one occasion imported oil became

pects for economical large-scale biomass

essentially unavailable.

energy recovery on today's scale of

The U.S.

supply, and all other reserves (includ

costs, and what future research and

ing those of the OPEC countries) are

development needs to be done.

fairly rapidly being depleted.

questions are addressed in the following

Conse

These

quently in the U.S. alternate fuel

report utilizing the extensive literature

sources are being actively considered.

that exists from prior studies and appli

It is thus only logical that the use of

cations .

biomass materials once again be con

2.

sidered as a potential replenishable

BIOMASS LITERATURE

As might be expected from the extensive

energy supply for the future.

commercial utilization of thermal bio

Numerous reviews have been made showing

mass process in the past, the literature

what percentage of the U.S. fuel needs

on the subject is indeed impressive.

might be obtained from waste biomass

Literally hundreds of references exist

materials, and others have estimated

on all phases of wood combustion and

the potential of "energy plantations"

pyrolysis.

in which biomass materials were specifi

source exists on cellulose, plastics, or

cally grown for their energy content.

polymers, and many other specific biomass

If all biomass sources including muni

materials such as straw, manure, hulls,

cipal solid wastes, sewage sludge, and

seaweed, algae, and the like.

agricultural residues were available,

lar technology has been developed in the

and could be economically gathered and

equivalent pyrolysis, thermal degradation

converted totally to available energy

and combustion of materials such as

they might account for from 10-30 per

hydrocarbons, municipal solid waste,

cent of the total country's energy needs.

coal, and other substances that closely

On the same basis, "fuel plantations"

resemble biomass sources.

would only require a very small per

these materials was done for essentially

centage of the land mass of the United

the same products, and the same type

States (i.e. 3-6%) to.provide the total

of equipment and operations were em

energy needs.

Such estimates imply

ployed.

A somewhat comparably large

Very simi

The work on

All of these studies are fairly

that efficient and economical methods of

equally divided between descriptions of

gathering and converting biomass materi

practical operations or applications,

al to fuel can be developed, and this is

equipment that has been used for the

not the case at the present time.

pyrolysis or combustion, and theoretical

How

ever, the very real dwindling petroleum

or technical studies on the kinetics,

and natural gas resources, and the

mechanism of decomposition, variables

possible interruption of supply from the

that are encountered, and mathematical

OPEC cartel, together with the fact that

modeling or analysis of the products

biomass materials have been used on a

that are obtained.

large commercial basis in the past, pro

The thermal conversion of wood or wood

vides a compelling and logical reason

related products has been the most

for their consideration in the future.

thoroughly studied and described of the

The question thus becomes, what tech

biomass materials in the literature.

nology has been developed for this po
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This includes wood itself, sawdust, waste

tion and how they affected the product

wood or chips, slash from the harvesting

yield.

of timber, bark, black liquor or various

more than liquefaction because of the

oils obtained from pulping, and various

wartime interest in the gas-fired engines

other sources.

They have been studied

and augmenting of water-gas or town-gas

both individually and in general with
wood.

Gasification is perhaps covered

producing plants with biomass materials.

Since wood, bark, black liquor,

Typical pages of articles from the Chemi

and various other wood related products

cal Abstracts are attached to provide

are currently burned in many large scale

further detail on the variety of this

operations, the literature on this sub

type of study.

ject continues from the 1800's to the

have been gathered on wood conversion.

present.

Theoretical and mechanistic

More than 90 such pages

The biomass material broadly categorized

studies have been covered in detail as

as cellulose has also been studied ex

have descriptions of a wide variety of

tensively.

combustion equipment.

Cellulose might be wood,

straw, or actual chemical cellulose

The pyrolysis of wood has been covered

depending upon the author's exactness

in even greater detail, with a very large

in nomenclature.

These studies cover

number of technical articles on the

the same subjects discussed above with

mechanism of pyrolysis and investigations

wood, but in general, the cellulose

on variables for the operation.

The

studies have been more theoretical on

effect of particle size, wood type, rate

mechanisms, kinetics, thermodynamics,

of heating, temperature of pyrolysis,

and various other technical subjects.

the reaction environment, including

A typical page on cellulose is also

direct steam heating, variable moisture

attached, being part of the approximately

content, feed, inert gases of various

20 such pages in a recent literature

types, the influence of many inorganic

search.

and organic additives, and other

plastics and polymers, and even though

A similar situation exists for

variables have all been looked at in de

these may be chemically produced materi

tail.

als, the studies in this field encompass

A great deal of thermodynamic

data is available, and mathematical

many practical applications, but by and

models have been made of the pyrolysis

large are theoretical, with a great deal

reaction.

of attention having been turned to

Other studies have centralized

on the various products that are

analytical methods in following the con

possible from pyrolysis and how vari

version reactions.

ables or the operation affect their

The subject of municipal solid waste and

yield. This work has been on both the
production of organic chemicals, as well

sewage sludge developed quite a bit
different literature than discussed

as the gasification of wood or its re

above.

lated materials.
A large literature also exists on the
description of commercial plants, to
produce either gas or liquids.

For one thing, municipal solid

waste in particular has been most exten
sively studied in recent years.

Dis

posal problems with both have existed

In many

for many years, and this has been the

of these plants studies have been made

main emphasis in the literature.

on the variables involved in the opera

the common thermal method of disposal
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Also,

ticles such as those attached was 176.

has been incineration, and until fairly
recently this has been the dominant lit
erature subject.

3.

In reviewing the literature in the field

been literally hundreds of descriptive

of thermal biomass processing one is

articles published on solid waste pro
cessing.

first struck by the very large number of

Most of these have very little

articles and books that are available.

technical interest, but even with these

Secondly, it is seen that very little of

restrictions, the literature source

it has a direct application to the

material is quite extensive, and a great

present day desire of finding large-scale

deal of valuable information is con
tained in it.

and economical thermal processing methods.

As might be expected,

Much of the early commercial application

many types of equipment have been used

of this subject was done on a fairly

for municipal waste and sewage sludge

small scale or with the objective of pro

thermal processing, partly because of

ducing materials that either were not

their quite specific and more difficult

otherwise available, and thus normal

handling properties than wood or its re
lated materials.

SUMMARY OF LITERATURE FINDINGS

Recently there have

economics could not be applied, or on

Again, a typical page

producing chemicals that had a consider

of the Chemical Abstract articles on

able value.

this subject is attached.

Essentially none of the

operations were done with methods or
The remaining literature in this field

equipment that might be employed for a

is not as extensive as the subjects pre

very large scale application, or that

viously discussed, but is very interest

could be done economically with high

ing from the point of view of the wide

energy recoveries to compete with other

diversity of biomass materials that have

energy sources.

been studied in fair detail.

This in
Since most biomass materials are quite

cludes nuts, hulls, straw, manure and

wet, if the maximum energy is to be

animal excreta, corn, rice, algae, sea

recovered from them, the process must

weed, water hyacinths, bagasse, and

involve a drying step in which the energy

literally dozens of other materials.

from water vapor is largely recovered

Much of this work was done in the early

and reused.

1900's and it comes as somewhat of a

Essentially no prior work,

even to the most current present day

surprise to those who have thought of

studies, have considered this aspect of

thermal biomass energy conversion as a

the technology, and in fact almost all

somewhat new subject.

studies to the present have assumed a dry
The literature search on this subject

feed.

They merely lose the energy con

contains several categories that are not

tent that is required to vaporize the

covered by the specific biomass materi

moisture, and in a few instances attempt

als discussed above.

to utilize it by reaction with the resi

There is a great

deal of general information on process

dual carbon (char) to form additional

ing equipment that might be used for

carbon monoxide and hydrogen.

many source materials, and a great deal

since this reaction should follow the

of theoretical and technical data that

pyrolysis step, the equipment needs to be

is on a very broad biomass basis.

designed to contact the water vapor with

The

total number of pages of abstracted ar

However,

char after drying and pyrolysis.
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This

has basically never been done, and thus

$10-20 disposal fee.

the maximum economy and energy recovery

processes must be developed.

has not been obtained.

has been started, and although exceeding

In the literature

This means that new
Such work

of the sunject, even though pyrolysis of

ly difficult, there nevertheless still is

dry materials, partial oxidation, and the

considerable optimism that all biomass

water-gas reaction have all been studied,

materials may be thermally processed in

there has been essentially no work done

the future.

If so, this source could

in utilizing these reactions other than

once again considerably enhance the

in a single step process.

world's energy supply.

As a similar matter, very little atten

4.

tion has been given to recovering heat

The work reported in this paper has been

from any of the off-gases, products or

conducted as part of ERDA Contract

residues, which of course is essential
in an efficient thermal operation.

E (04-3)-1241 in the Biomass Section of

Thus,

the Solar Energy Division.

even though the fundamentals of biomass

and help of the Biomass Division Head,

the exact specifics of how to convert

Dr. Roscoe Ward, for his assistance and

this technical data into economic

support in this work.

practical processes and equipment is

conclusions reported herein are those
of the author and not necessarily those

would appear to be at all satisfactory

of Dr. Ward or of ERDA.

towards producing a high energy re
covery or an economical operation.
Biomass materials are generally not
available in very large quantities at
any single source or location, and con
sequently plants must be of a modest
They generally do contain mois

ture and often a large amount, and thus
the plants must very efficiently handle
the evaporation of water in the opera
tion.

Finally, the product that is

desired, namely a gas, liquid or elec
tric energy output, does not command a
very high price, and consequently ex
tremely economical processing is re
quired if this energy source is to be of
value and competitive with other alter
nate energy supplies.

It should be

noted, however, that all opinions and

In other words,

none of the methods currently available

size.

Grateful

acknowledgement is made to the assistance

conversion are fairly well established,

essentially unknown.
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